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Abstract 

Reproductive efficiency is a fundamental determinant of productivity and profitability in dairy and beef 

cattle enterprises. Timely estrus detection, accurate ovulation monitoring, early pregnancy diagnosis, 

prediction of parturition and efficient postpartum recovery are essential for optimizing reproductive 

performance. Conventional reproductive diagnostic techniques, including behavioural observation, rectal 

palpation, ultrasonography and hormonal assays are effective but often require skilled personnel, 

repeated animal handling, and considerable labour. Infrared thermography (IRT) has emerged as a rapid, 

non-invasive and animal-friendly imaging technology that measures naturally emitted infrared radiation 

from the body surface to detect physiological changes associated with blood circulation and metabolic 

activity. Thermal variations that accompany reproductive events, IRT has gained increasing attention as a 

complementary tool for reproductive monitoring in cattle. Recent studies have demonstrated its potential 

in estrus detection, ovulation prediction, pregnancy assessment, calving prediction and evaluation of 

postpartum reproductive health. Furthermore, advances in precision livestock farming, automated 

thermal imaging and artificial intelligence have enhanced the practical applicability of IRT for 

continuous herd monitoring. Although environmental conditions, animal-related factors and imaging 

protocols can influence thermographic measurements, standardized procedures and integration with 

conventional diagnostic methods substantially improve its reliability. This review summarizes the 

principles of infrared thermography and critically discusses its current applications, advantages, 

limitations and prospects in bovine reproductive management, highlighting its growing role in precision 

dairy farming. 

 

Keywords: Infrared thermography, bovine reproduction, estrus detection, ovulation, pregnancy 
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Introduction  

Reproductive efficiency is an important determinant of productivity, profitability and 

sustainability in dairy cow production. Successful reproductive management includes accurate 

estrus detection, timely artificial insemination, early pregnancy diagnosis, parturition 

prediction and appropriate postpartum monitoring. However, reproductive performance is 

affected by many physiological, environmental and management factors, thus early detection 

of reproductive events and disorders is crucial for improving fertility and reducing economic 

losses (McManus et al., 2016; Jeyakumar et al., 2022) [9, 5]. Traditional reproductive diagnostic 

methods, including behavioral observation, rectal palpation, ultrasonography and hormonal 

assays, are still the cornerstones of bovine reproductive management; however, these methods 

often require skilled personnel, repeated handling of animals, special equipment,and intensive 

labor, which restrict them from being routinely applied in the field (Riaz et al., 2023; Zheng et 

al., 2022) [18, 27].  

Recent advances in precision livestock husbandry have accelerated the use of non-invasive 

devices to monitor continuously animal health and reproductive. Infrared thermography (IRT) 

has emerged as a promising imaging technique for the detection of physiological changes 

associated with blood circulation, tissue metabolism and inflammation (McManus et al., 2016; 

Zheng et al., 2022) [9, 27]. Reproductive events such as estrus, ovulation, pregnancy, parturition  

https://www.veterinarypaper.com/
https://www.doi.org/10.22271/veterinary.2026.v11.i7e.3650


 

~ 317 ~ 

International Journal of Veterinary Sciences and Animal Husbandry https://www.veterinarypaper.com 
and postpartum recovery are accompanied by distinct changes 
in tissue perfusion and surface temperature, which provide a 
biological basis for the use of IRT in reproductive monitoring 
(Talukder et al., 2014; Riaz et al., 2023) [24, 18]. Moreover, the 
integration of thermal imaging into automated sensors, 
artificial intelligence and herd management systems has 
enhanced its utility as a decision-support tool for precision 
reproductive management (Fuentes et al., 2022; Michelena et 
al., 2025) [3, 12]. The paper provides a brief overview of the 
basics of infrared thermography and critically reviews its 
current uses, advantages, disadvantages and future potential in 
the control of bovine reproduction. 
 

1. Fundamentals of infrared thermography in veterinary 
reproduction 

Reproductive efficiency is essential for improving 
productivity and profitability in dairy and beef cattle. 
Conventional reproductive diagnostic methods, including 
behavioural observation, rectal palpation, ultrasonography 
and hormonal assays, are reliable but often require skilled 
personnel, repeated animal handling and considerable labour 
(Riaz et al., 2023) [18]. Consequently, there is increasing 
interest in rapid, non-invasive technologies that can support 
reproductive management under field conditions. Infrared 
thermography (IRT) is a non-contact imaging technique that 
detects infrared radiation naturally emitted from the body 
surface and converts it into thermal images representing 
surface temperature (Zheng et al., 2022) [27]. Because 
alterations in blood circulation and tissue metabolism are 
reflected as changes in skin temperature, IRT enables early 
detection of physiological events associated with reproduction 
(Jeyakumar et al., 2022) [5]. Modern thermal cameras can 
detect very small temperature differences, making them 
suitable for monitoring subtle reproductive changes before 
obvious clinical signs become apparent (Schaefer et al., 2007) 
[21]. 
In cattle, reproductive hormones influence peripheral blood 
flow, resulting in measurable thermal changes during the 
estrous cycle, pregnancy and parturition. Increased estrogen 
concentrations during estrus promote vasodilation and elevate 
vulvar and perineal temperatures, whereas progesterone 
dominance during the luteal phase is generally associated with 
lower surface temperatures (Marquez et al., 2022) [8]. These 
predictable thermal variations provide the biological basis for 
the application of IRT in estrus detection, ovulation 
monitoring, pregnancy assessment and calving prediction 
(Talukder et al., 2014; Salles et al., 2016) [24, 20]. The major 
advantages of IRT include its non-invasive nature, rapid 
image acquisition, absence of radiation exposure, minimal 
animal stress and suitability for repeated measurements 
(Sousa Pinto et al., 2026) [22]. Integration of thermal imaging 
with precision livestock farming technologies, automated 
monitoring systems, and artificial intelligence has further 
enhanced its value for continuous herd surveillance 
(Michelena et al., 2025) [12]. Despite these advantages, several 
factors can influence thermographic accuracy, including 
ambient temperature, humidity, wind speed, solar radiation, 
hair coat characteristics and imaging protocols. Therefore, 
standardized image acquisition and interpretation are essential 
and IRT should be considered a complementary rather than a 

standalone diagnostic tool (Marchegiani et al., 2023) [6]. With 
continuing advances in imaging technology and automated 
data analysis, infrared thermography is expected to play an 
increasingly important role in precision reproductive 
management and sustainable cattle production. 
 
2. Infrared thermography for estrus detection, ovulation 

monitoring and pregnancy detection  

Efficient estrus detection and timely insemination are 
essential for achieving optimal reproductive performance in 
cattle. Traditional methods such as visual observation of 
behavioural signs, activity monitoring, progesterone assays 
and ultrasonography are widely used but may be labour-
intensive, require technical expertise, or fail to identify silent 
estrus. Infrared thermography (IRT) has emerged as a 
valuable complementary tool by detecting changes in skin 
surface temperature associated with hormonal fluctuations 
during the estrous cycle (Stewart et al., 2005; McManus et al., 
2016) [23, 9]. During proestrus and estrus, increasing estrogen 
concentrations promote peripheral vasodilation and enhance 
blood flow to the reproductive tract, resulting in elevated 
temperatures of the vulva, perineum, tail-head region, and 
ocular area (Riaz et al., 2023) [18]. Following ovulation, 
progesterone secretion from the corpus luteum induces a 
gradual decline in surface temperature. These cyclic thermal 
changes provide a physiological basis for identifying estrus 
and estimating the optimal time for artificial insemination. 
Successful reproductive management depends not only on 
accurate estrus detection but also on timely artificial 
insemination using appropriate breeding strategies to 
maximize conception rates (Praveen et al., 2024b) [15] Several 
studies have reported that vulvar temperature increases by 
approximately 0.3–1.0°C during estrus, demonstrating a 
positive correlation with behavioural estrus and ovulation 
(Talukder et al., 2014; Salles et al., 2016) [24, 20]. Infrared 
thermography has also been investigated as a non-invasive aid 
for ovulation monitoring. Ovulation is accompanied by 
endocrine and vascular changes that influence local tissue 
perfusion, producing characteristic thermal patterns detectable 
by high-resolution infrared cameras. Although IRT cannot 
directly visualize ovarian structures like ultrasonography, 
combining thermal imaging with behavioural observations or 
automated activity monitoring can improve the accuracy of 
ovulation prediction and insemination timing (Marquez et al., 
2021) [7]. Pregnancy diagnosis represents another promising 
application of IRT. Following conception, increased uterine 
blood flow, fetal development and endocrine adaptations alter 
body surface temperature. Studies have demonstrated 
significant thermal differences in pregnant and non-pregnant 
cows, particularly around the ventral abdomen, mammary 
gland, and ocular region (Wang et al., 2020; Riaz et al., 2024) 
[26, 19]. While these findings suggest that thermal imaging may 
support early pregnancy assessment, diagnostic accuracy 
remains variable due to environmental influences and 
individual animal variation. Therefore, IRT should currently 
be regarded as a complementary technique rather than a 
replacement for ultrasonography or pregnancy-associated 
glycoprotein assays (Riaz et al., 2023) [18]. Some of the 
applications of bovine IRT is listed in table 1. 

 

Table 1: Application of bovine IRT and its practical significance 
 

Application Thermal Changes Practical significance 

Estrus detection Increased vulvar and ocular temperature Detects heat and silent estrus (Riaz et al., 2023) [18]. 

Ovulation monitoring 
Peak temperature during estradiol peak and 

LH surge 
Determines optimal insemination time (Salles et al., 2016; Marquez et 

al., 2021) [20, 7]. 

Pregnancy assessment Increased abdominal and udder temperature. Supports pregnancy diagnosis and monitoring (Riaz et al., 2024) [19]. 

Gestational monitoring Maternal-foetal thermal interactions Assess foetal development and maternal health (Wang et al., 2020) [26] 
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Recent advances in automated thermal cameras, image-

processing software, artificial intelligence and precision 

livestock farming have significantly enhanced the practical 

application of infrared thermography for reproductive 

monitoring (Fuentes et al., 2023) [3]. Continuous thermal 

surveillance integrated with wearable sensors and herd 

management systems allows early identification of estrus, 

improves breeding efficiency and reduces dependence on 

subjective visual observations (Merkelyte et al., 2025) [10]. 

Nevertheless, standardized imaging protocols and careful 

control of environmental factors such as ambient temperature, 

humidity, solar radiation and camera positioning are essential 

to ensure reliable interpretation of thermographic data. 

Overall, infrared thermography offers considerable potential 

as a rapid, non-invasive and welfare-friendly tool for 

improving estrus detection, ovulation monitoring and 

reproductive decision-making in modern cattle production 

systems. 

 

3. Infrared thermography around parturition and 

calving prediction in cattle 

Timely prediction of parturition is essential for reducing 

calving-related complications, minimizing neonatal mortality 

and ensuring appropriate obstetrical assistance in dairy and 

beef cattle. Conventional approaches, including observation 

of behavioural changes, pelvic ligament relaxation, udder 

development, vaginal discharge and hormonal profiling, are 

commonly used to estimate the onset of calving. However, 

these indicators are often subjective, labour-intensive and may 

not accurately predict the precise time of parturition. Infrared 

thermography (IRT) has emerged as a promising, non-

invasive technique for monitoring physiological temperature 

changes associated with the prepartum period (Stewart et al., 

2005; McManus et al., 2016) [23, 9]. 

As parturition approaches, endocrine changes, particularly a 

decline in progesterone and a rise in estrogen and 

prostaglandins, alter peripheral blood circulation and 

thermoregulation. These hormonal events result in measurable 

changes in body surface temperature that can be detected by 

infrared cameras. Studies have demonstrated a gradual 

reduction in temperatures of the vulva, tail-head, udder and 

ocular region approximately 12–48 hours before calving, 

followed by dynamic thermal changes during labour and 

immediately after parturition and the change in temperature 

by IRT is depicted in figure 1 (Metzner et al., 2014; 

Radigonda et al., 2017; Mota-Rojas et al., 2021) [11, 17, 13]. 

Among various anatomical sites, the vulvar and tail-head 

regions have shown promise for calving prediction because 

they reflect vascular and physiological changes occurring in 

the reproductive tract. Similarly, ocular temperature has been 

used as an indicator of stress and thermoregulatory responses 

during the periparturient period (Church et al., 2014) [2]. 

Continuous monitoring of these thermal patterns can assist 

farmers and veterinarians in identifying animals approaching 

calving, allowing timely movement to maternity pens and 

appropriate supervision during delivery (Marquez et al., 

2022) [8]. Infrared thermography also contributes to improving 

neonatal survival and maternal welfare by facilitating early 

intervention in cases of dystocia or prolonged labour. Prompt

obstetrical assistance reduces the risk of fetal hypoxia, 

postpartum complications and economic losses associated 

with difficult calvings. Furthermore, because thermal imaging 

is rapid, non-contact and does not disturb the animal, it is 

particularly suitable for routine monitoring during the critical 

prepartum period  

Despite its considerable potential, several factors influence 

the accuracy of thermographic measurements during calving 

prediction. Environmental temperature, humidity, wind speed, 

solar radiation, hair coat condition and camera positioning can 

affect surface temperature recordings. Consequently, 

standardized imaging protocols and repeated observations are 

essential for obtaining consistent results. At present, IRT is 

best utilized as a complementary tool alongside behavioural 

observations and conventional reproductive monitoring rather 

than as a standalone predictor of parturition. With advances in 

automated thermal imaging, artificial intelligence and 

precision livestock farming technologies, infrared 

thermography is expected to become an increasingly valuable 

component of calving management, improving animal 

welfare, reproductive efficiency and herd productivity. 

 

4. Infrared thermography and postpartum reproductive 

recovery in cattle: current applications and future 

perspectives 

The postpartum period is a critical phase in bovine 

reproduction, during which rapid uterine involution, ovarian 

cyclicity, and restoration of reproductive function determine 

the interval to subsequent conception. Delayed uterine 

recovery and postpartum disorders such as retained fetal 

membranes, metritis, endometritis and ovarian dysfunction 

adversely affect fertility and result in significant economic 

losses. Early identification of these conditions is therefore 

essential for improving reproductive efficiency in dairy and 

beef herds (McManus et al., 2016; Riaz et al., 2023) [9, 18]. 

Infrared thermography (IRT) has gained increasing attention 

as a non-invasive tool for monitoring postpartum reproductive 

health by detecting alterations in body surface temperature 

associated with inflammation and tissue perfusion. Animals 

affected by uterine infections or delayed involution often 

exhibit localized increases in temperature around the perineal, 

vulvar and abdominal regions due to enhanced blood flow and 

inflammatory responses. These thermal changes may be 

detected before obvious clinical signs appear, enabling earlier 

diagnosis and timely therapeutic intervention (Mota-Rojas et 

al., 2021; Perez-Marquez et al., 2022) [13, 8]. In indigenous Bos 

indicus cattle, reproductive performance is strongly 

influenced by nutritional status, particularly body condition 

score (BCS), climatic stress and management practices 

(Praveen et al., 2024a) [14]. Infrared thermography offers 

advantages in these production systems because it allows 

rapid, contact-free evaluation of reproductive status with 

minimal handling of animals. Thermal imaging can be 

incorporated into routine herd health programmes to monitor 

postpartum recovery, identify animals requiring clinical 

examination and support reproductive decision-making while 

minimizing stress and labour requirements (Talukder et al., 

2014) [24]. 
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Fig 1: Thermographic changes in body surface, udder, ocular and vulvar temperatures relative to calving. Adapted from Mota-Rojas et al. 

 

Recent advances in precision livestock farming have 

expanded the applications of IRT beyond disease detection. 

Automated thermal cameras integrated with artificial 

intelligence, machine learning algorithms, wearable sensors 

and cloud-based herd management systems enable continuous 

monitoring of reproductive status and early detection of 

abnormalities (Jamra et al., 2025; Vithalrao et al., 2025; 

Abbas et al., 2026) [4, 25, 1]. Such integrated technologies have 

the potential to improve reproductive efficiency, reduce 

economic losses, enhance animal welfare and facilitate data-

driven reproductive management under both intensive and 

extensive production systems (Pritom et al., 2026) [16]. 

However, these promising developments, several limitations 

remain. Environmental conditions, hair coat characteristics, 

image acquisition protocols and camera calibration can 

influence thermographic measurements, necessitating 

standardized operating procedures for reliable interpretation. 

Moreover, IRT should be considered a complementary 

diagnostic tool rather than a replacement for conventional 

reproductive examinations such as ultrasonography and 

laboratory-based diagnostic tests. Future research should 

focus on establishing species-specific reference values, 

validating automated image analysis systems and integrating 

thermal imaging with other precision livestock technologies. 

With continued technological advancements, infrared 

thermography is expected to become an important component 

of precision reproductive management, contributing to 

improved fertility, enhanced animal welfare and sustainable 

cattle production. 

 

Conclusion 

Infrared thermography is a rapid, non-invasive imaging 

technique with considerable potential for improving bovine 

reproductive management. It provides valuable support for 

estrus detection, ovulation monitoring, pregnancy assessment, 

calving prediction and postpartum reproductive monitoring by 

identifying physiological changes in body surface 

temperature. Although environmental and animal-related 

factors can affect thermographic measurements, standardized 

imaging protocols can substantially improve its reliability. 

Rather than replacing conventional diagnostic methods, IRT 

should be used as a complementary tool to enhance 

reproductive decision-making. Continued advances in 

automated thermal imaging, artificial intelligence and 

precision livestock farming are expected to further strengthen 

its role in sustainable cattle reproduction. 
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